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Abstract
E-learning and Internet applications are increasingly being utilized in the educational environment.  The
connectivity capabilities that broadband networks offer are anticipated to continue this trend.  However,
numerous barriers to the use of this educational technology have been noted.  This study explores the
interrelationships of such perceived barriers and anticipated uses of broadband technologies with issues such
as grade level, subjects taught, teaching experience, and Internet/computer experience.  A survey of 382 K-12
math and science teachers was conducted, and ANOVA results indicated that statistically significant differences
exist among teachers in different grade levels and subjects as well as those having different levels of teaching
experience and utilizing varying levels of Internet/computer software in their curriculum with regards to
perceived barriers and anticipated uses of broadband.  
Keywords:  E-learning, broadband, barriers, perceptions
Introduction
E-learning technologies are becoming increasingly commonplace in educational institutions.   Evidence has shown that the
majority of U.S. K-12 public schools have Internet access, increasing from 35% in 1994 to 95% by 1999 (National Center for
Education Statistics 1999).  This NCES report indicates that the network connectivity has been moved from computer labs to the
classroom level, with 63% of the classrooms having access compared to only 3% in 1994.
Debate is still on-going as to the effectiveness of educational technology in general and the Internet specifically.   Many authors
have stressed that education at all levels will increasingly employ the Internet, with the question being not whether the Internet
will be employed but to what degree (Peha 1995; Owens 1999).  Increasing connectivity capabilities through broadband
technology, coupled with continued resources funneled to educational technology uses from various governmental and corporate
sources, promise to further this trend.
However, research results to date have been mixed.  Fleming and Raptis (2000) conducted a topographical analysis of the
literature concerning educational technology, finding that the effectiveness is largely unproven.  Fabos and Young (1999) concur,
labeling much of the literature “contradictory, inconclusive, and possibly misleading.”  Lawson and Comber (2000) note that
researchers have been divided into two schools of thought as to the role that technology will have in education, an incrementalist
role and a transformative role; their own research was somewhat mixed, with technology and internet connectivity transforming
certain aspects of education but merely adding efficiencies to other aspects.
Golian (2000) summarizes the strengths and weaknesses of the Internet as an educational tool.  The benefits of the Internet
include:  (1) Learning at own pace; (2) Access; (3) Active learning; (4) Cost effectiveness for certain activities; (5) Collaborative
learning; (6) Personalized learning environment; and, (7) Nonlinear learning.  
The weaknesses of the Internet include: (1) Shifts the searching responsibility to the learner; (2) Data overload; (3) Data
unreliability; (4) Network/Hardware unreliability; (5) Access control; and (6) Teaching application rather than theory (Golian
2000). 
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Barriers to utilizing networked e-learning technology have been categorized into 4 areas: institutional, instructional, technical,
and personal (Piotrowski and Vodanovich 2000).  Institutional constraints include such issues as financial support and incentive
systems.  Instructional issues involve time commitments and interpersonal interactions.  Equipment reliability and software
adequacy fall into the realm of technical barriers.  Finally, personal barriers include faculty and student technological competence
and attitudes toward acceptance.  However, Piotrowski and Vodanovich (2000) found research results in these areas to be
equivocal.  
Several studies have attempted to gauge educator attitudes regarding the use of technology and the Internet.  Teachers have
typically expressed a conservative view of the effectiveness of computers in education (Vermette et al. 1986).  Research has
indicated that utilization of the Internet by teachers is related to personal experience with the Internet specifically and computers
in general, institutional and collegial support, and training (Honey and McMillen 1996;  Pugalee and Robinson 1998;  Takacs et
al. 1999;  Becker and Ravitz 1999).  These studies, unfortunately, have been exploratory in nature and have typically had small
sample sizes (50 or fewer respondents) with only the Becker and Ravitz (1999) study having a significant sample size.
Scope of Study
In addition to the experience and training issues, prior research has indicated that use of the Internet varies by subject and grade
level (Educational Testing Service 1997; Education Week 1998).  The purpose of this study was to investigate the effects of such
factors in relation to barriers to e-learning and anticipated uses of broadband technologies.  The focus was the extent of the
interrelationships between perceived barriers and anticipated uses with teaching longevity, computer/Internet experiences, subject
areas, and grade levels.
This study is based on a survey of K-12 math and science teachers across 9 independent school districts in a major U.S.
metropolitan area.  The teachers are involved in study groups administered by an Urban Systemic Initiative program, a National
Science Foundation-funded project intended to increase math and science education.  The math and science disciplines were
chosen for this study due to the strong initiative nationally to provide K-12 education which lead to a technologically proficient
workforce;  a major thrust of the initiative is the utilization of technology in the classroom.
Self-administered questionnaires were distributed to 888 teachers through campus mail and 382 were returned for a response rate
of 43.0 percent.  The survey was conducted in May 2000.  The questionnaires identified grade level, subject area taught, and years
of teaching experience.  Next, frequency of use of the Internet and other computer software was determined, followed by
perceived barriers to their use.  Finally, the teachers were then asked whether they would use or find valuable various broadband
technology applications in their classes.  The frequency of use and the value questions utilized a 5-point semantic differential
scale, and were developed through focus group discussions with K-12 teachers and education officials.  A series of one-way
analysis of variance (ANOVA) tests were conducted to identify the interrelationships of the key factors.  
Results
Tables 1 and 2 present the descriptive statistics for the key variables.  The majority of the responses were  from middle school
(grades 6-8) teachers.   The responses were split among the subject areas, with a slight majority being science teachers.  Most of
the teachers had 10 or more years of teaching experience, and more than 40% had more than 15 years.   The teachers displayed
a wide range of responses regarding their use of the Internet and other computer software in their curriculum.  While 39% did not
utilize the Internet at all, 21% indicated that they did frequently.  The results for other computer software were even stronger as
18% did not utilize such software, but 27% reported frequent use.
The leading perceived barriers to utilizing such educational technologies included institutional issues (lack of computers in the
classroom), personal competence issues (training), and instructional (unsure how to incorporate into curriculum) and technical
issues (maintenance).  Connection speed and administrative policies were the least cited barriers.  
The responses regarding their anticipated frequency of use of various broadband applications for teaching and training purposes
revealed strong desire for utilization.  Similarly, the teachers felt various broadband applications would add value to student
learning in their campuses.  The leading application chosen was virtual fieldtrips for both observing new teaching methods and
giving students educational experiences virtually.  
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Table 1.  Descriptive Statistics of Key Variables
Response Category Responses Percentage
Grade Level:
Elementary 133 35.5%
Middle School 166 44.3%
High School 76 20.3%
Subject Taught:
Math 125 35.2%
Science 135 38.0%
Integrated 95 26.8%
Years Teaching Experience:
1-5 Years 81 24.8%
6-10 Years 65 19.9%
11-15 Years 48 14.7%
More than 15 Years 132 40.5%
Perceived Barriers to Technology Use:
Lack of Computers in Classroom 280 77.6%
Maintenance 169 51.7%
Training 182 54.0%
Slow Connection Speed  142 46.7%
Unsure How to Incorporate into Curriculum 172 52.1%
Administrative Policies 70 22.4%
Current Utilization of: SCALE Not At All  1 2 3 4 5  Frequently
Internet 141 (38.5%) 44 (12.0%) 106 (29.0%) 0 (0%) 75 (20.5%)
Other Computer Software   67 (18.1%) 56 (15.1%) 149 (40.2%) 0 (0%) 99 (26.7%)
The one-way ANOVA results indicate that statistically significant differences exist at the .05 level among teachers in different
grade levels and subjects as well as those having different levels of teaching experience and utilizing varying levels of Internet
in their curriculum with regards to perceived barriers and anticipated uses of broadband.  Table 3 presents the ANOVA results.
Grade level had a significant impact on the utilization of the Internet and other computer software.  Surprisingly, the highest level
of Internet usage occurred not in high schools, but in middle schools.  Following the same pattern, high school teachers reported
the highest level of a lack of computers in the classroom being a barrier.  Similarly, subjects taught had a significant impact.
Science teachers reported the highest level of Internet utilization.  Years of teaching experience did not have a significant effect
on either Internet/computer software utilization or the lack of computers.  
No significant differences existed among the variables regarding other perceived barriers with the exception of the subject taught
on being unsure how to incorporate the technology into the curriculum.  Math teachers were more likely to perceive this as a
barrier.
Current utilization of the Internet in curriculum was a significant factor regarding several perceived barriers, such as lack of
computers, training, and being unsure how to incorporate it into the curriculum.  Typically, the respondents with high levels of
current Internet utilization were less likely to perceive these issues as barriers.  This is plausible, given their greater experience
with the Internet as an educational tool.
The attitudes toward anticipated frequency of use as well as the anticipated value to students of various proposed broadband
applications differed markedly among each of the variables.  Grade level had a significant impact on every  application except
access to course materials and homework through the Internet.  High school teachers responded with lower levels of anticipated
usage and value than elementary and middle school teachers.
Similarly, subject taught was a significant factor in all except two of the applications, access to course materials and homework
through the Internet as well as distance learning to homebound students.  Math teachers were less likely to anticipate usage or
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perceive value in these applications.  Years of teaching experience had less of an effect, as significant differences were evident
in only four applications.  However, the less experienced teachers were more likely to perceive value to their students learning
from broadband technology.
Table 2.  Descriptive Statistics of Utilization and Value Variables
Frequency of Current Educational Technology Utilization
Scale: Not At All 1 2 3 4 5 Frequently
Internet Utilization in Curriculum Mean = 2.71, Std Dev = 1.50
Other Computer Software Utilization in Curriculum Mean = 3.02, Std Dev = 1.39
Anticipated Frequency of Utilization of Broadband System to
Scale: Not At All 1 2 3 4 5 Frequently
Videoconference with Teachers or Study Groups in Other Schools Mean = 3.16, Std Dev = 1.18
Enroll in Staff Development Through Distance Learning at Your School Mean = 3.61, Std Dev = 1.15
Conduct Virtual Field Trips to Observe New Teaching Methods Mean = 3.92, Std Dev = 1.10
Supplement Course Materials Through a Course Website Mean = 3.90, Std Dev = 1.09
Participate in Class-Related Internet Chat Rooms Mean = 2.98, Std Dev = 1.32
Anticipated Value of Broadband System to Student Learning in Your School
Scale: Not At All 1 2 3 4 5 A Lot
Advanced Placement Courses Through Distance Learning Mean = 3.07, Std Dev = 1.34
Videoconferencing with Students in Other Cultures Mean = 3.50, Std Dev = 1.28
Parental/Student Access to Course Materials/Homework Through the Internet Mean = 3.69, Std Dev = 1.17
Distance Learning with Homebound Students Mean = 3.32, Std Dev = 1.27
Virtual Field Trip to Various Educational Sites Mean = 4.13, Std Dev = 1.04
Finally, there were significant differences in anticipated use among teachers depending on whether they were currently utilizing
the Internet in their curriculum, although the results for the anticipated perceived value was only significant for the
videoconferencing with students in other cultures application.  Not surprisingly, teachers currently using the Internet are
overwhelmingly more likely to anticipate high frequency of use of broadband as well as strong student value.
One-way ANOVA tests were also conducted regarding the effects of perceiving a barrier and the anticipated use and value of the
broadband technologies.  No pattern of differences emerged, indicating that teachers who perceive one or more barriers to utilizing
educational technology did not have significantly different attitudes toward anticipated broadband applications.
Conclusions
Grade levels, subjects taught, current utilization of the Internet, and, to a lesser extent, years of teaching experience, have major
impacts regarding teachers perceptions and attitudes toward e-learning and the promise of broadband technology.  While the
teachers in this sample perceive the benefits of educational technology and broadband capacity as a group, they differ amongst
themselves on the degree they would use the proposed broadband connectivity as well as the educational benefits.
Many of the current barriers to educational technology usage are slowly being addressed.  As public school agencies devote
additional resources to acquiring and maintaining such equipment, the lack of computers in the classroom will become less of
a hindrance.  Similarly, future educators are increasingly  being introduced to computers and the Internet while receiving their
education at the university level (Owens 1999).  Familiarity with technology should allow teachers to overcome the mystery and
trepidation new applications might bring.  This is significant given the findings in this study that newer teachers perceive more
value in utilizing broadband applications.
However, greater training of teachers on the use of educational technology is imperative to its effective application; yet, such
training must go beyond the technical aspects of operating the technology to providing teachers with the means to incorporate
the technologies into the curriculum itself.  This involves the teachers becoming familiar with the strengths and weaknesses of
the technology, having access to lists of “best practices” utilizing the technology, and having incentives to pursuing creative uses
for their individual curriculum needs.
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Table 3.  Results of One-Way ANOVA (F Prob.)
Grade Subject Teaching Internet
Dependent Variable Level Taught Experience Utilization
Frequency of Current Utilization
Internet .042* .000* .102
Other Software .000* .000* .646
Perceived Barriers
Lack of Computers .000* .016* .535 .037*
Maintenance .237 .755 .392 .340
Training .958 .562 .684 .000*
Slow Connection Speed .452 .066 .656 .272
Unsure How Incorporate .696 .021* .858 .000*
Administrative Policies .269 .203 .696 .162
Anticipated Frequency of Utilization of Broadband System
Videoconference with Teachers or Study Groups in Other Schools .035* .007* .471 .003*
Staff Development Through Distance Learning at Your School .014* .002* .492 .000*
Conduct Virtual Field Trips to Observe New Teaching Methods .000* .000* .341 .006*
Supplement Course Materials Through a Course Website .001* .000* .067 .000*
Participate in Class-Related Internet Chat Rooms .016* .003* .084 .022*
Anticipated Value of Broadband System to Student Learning in Your School 
Advanced Placement Courses Through Distance Learning .026* .002* .021* .191
Videoconferencing with Students in Other Cultures .000* .000* .030* .001*
Parental/Student Access to Course Materials/Homework
Through the Internet .384 .917 .023* .169
Distance Learning with Homebound Students .015* .835 .491 .321
Virtual Field Trip to Various Educational Sites .002* .000* .031* .053
*Significant at the .05 level
The purpose of this study was not to determine the effectiveness of educational technology in general or of proposed broadband
applications.  Further research should focus on developing and applying specific evaluative measures to such technological tools.
In addition, this research concentrated on the subject areas of math and science.  The results may not be applicable to other subject
areas.  Additional analyses of the data obtained in this study are planned, including a probit model to determine the probabilities
of current Internet utilization and anticipated broadband utilization given the independent variables obtained from the respondents
and other independent variables such as school budget data and socio-economic variables.
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